Dar es Salaam is one of the fastest growing cities in East Africa, with a population of 4,364,541 whose annual growth rate is 4.5%. The population increase is mainly caused by rural to urban migration causing traffic congestion, unemployment, emerging of unplanned settlements, inadequate infrastructure, and social and housing services. In order to overcome these challenges there is an urgent need to establish and determine suitable locations of satellite towns to the outskirts of the central business district (CBD) to strengthen economic and social activities using reliable techniques. Selecting suitable locations of satellite towns has been determined by using distance from the CBD and population growth indicators. The limitations of using these indicators include unsuitable locations, which ultimately failed to attract economic growth in such areas. In this study, we introduce a new approach of selecting suitable location of satellite towns in fast growing cities. This approach uses Saaty Model and Geographic Information Systems techniques, whereby a pair wise comparison matrix, consistency index and consistency ratio are employed to determine suitable locations of satellite towns in Ubungo and Kinondoni Municipalities. Also, seven criteria were used to produce suitability maps for water, power line, road, communication line, elevation, slope and land use. The results obtained from this study show that about 5.31% of the area was classified as highly suitable, 29.82% as moderately suitable, 24.27% as marginally suitable and 40.6% permanently unsuitable. Locations of satellite towns determined using Saaty model was found to be on highly suitable areas whereas locations of satellite towns proposed by the Dar es Salaam master plan were located on marginally suitable areas. The study concludes that Saaty Model, if integrated with GIS, can be effectively used to determine suitable locations for satellite towns in urban areas.
Introduction
Dar es Salaam is one of the fastest-growing cities in Sub-Saharan Africa with a population growth rate of 4.5% per year. According to the National Census and Housing population data of 2016, the population of Dar es salaam City was 5.5 million people and it is expected to reach 6.2 million by 2020 [1] . According to the report published by the Bank of Tanzania in 2012, the Dar es Salaam City's annual population growth rate stands at 4 per cent, which is above the country's 2.9 per cent [2] . Also, according to the African Development Bank prediction, the City population could reach 21.4 million by 2052 [3] . Despite the rapid growth of the City for the past 20 years, urban planning has been executed with various challenges. Residential, commercial areas and infrastructure are poorly planned, resulting into traffic congestion at the city centre, pollution and formulation of new unplanned settlements. According to the study conducted by the Confederation of Tanzanian Industries (CTI) in 2010, it was revealed that traffic congestion reduced the profit of the business community in the City by 20 per cent [4] . Despite Tanzania being undergoing rapid economic growth of about 7 per cent per annum, and per capital income rising from Tanzania Shillings 2000 to 3400 for the past 10 years, the City is lagging behind in terms of providing of better services, infrastructure and affordable housing to the residents.
One of the major causes of poor provision of basic services, infrastructure and affordable housing is the rapid population increase in the City. The rapid population increase is attributed to rural to urban migration of people from different regions. Rural to urban migration causes uncontrolled urban expansion, increase of unplanned settlements, and poor provision of social services. [5] identifies three major reasons for rural to urban migration, which includes psychological, social-economic and political pressure. [6] indentified poverty being the major cause of rural to urban migration. According to [6] , lives in rural areas are unattractive particularly for the young generation, due to lack of social and economic activities. Rural to urban migration has negative impacts, including high cost of land and housing. High cost of land and housing is exerted by market forces and unrestrictive framework from local authorities. Also, rural to urban migration has lead to high unemployment in the City and shortage of social services, causing economic decline in rural areas as manpower is not fully utilized in rural areas. The major reason for the economic decline in rural is the failure of the rural communities to fully utilized land and other resources available for economic growth.
Urban planning in Tanzania has been conducted using "stakeholder-based" [7] . The stakeholder-based approach was adopted in 1995 on the assumption that it would be more effective in guiding urban expansion and responsive to existing urban planning challenges. In 2007 the SUDP approach was abandoned and urban planners returned to master planning approach which was adopted before 1990. [7] pointed out that the major reasons for the abandonment of SUDP were financial constraints and urban planning been considered as non priority. Consequently, the implementation of most urban plans were ignored or completely abandoned. Failure in implementing prepared urban plans in most urban areas in the country resulted into formation of informal set- 
Study Area
The study areas for suitability analysis of satellite towns are Kinondoni and 
Related Studies on Satellite Towns
Satellite City or Satellite town is the concept which was first introduced by [8] in 1915. The concept was then adopted by town planners as an approach to relive concentration of people and economic activities from the centre of big Cities. A satellite town or satellite city is defined as smaller metropolitan areas which are located near to larger metropolitan areas, but independent on services and infrastructure [9] . The establishment of satellite towns in the outskirts of the city offers a solution in reducing traffic congestion at the city centre, strengthening socio-economic activities, and reducing expansion and formation of new unplanned settlements. The establishment of satellite towns has been extensively studied by various urban planning researchers. [10] pointed out that satellite towns are built for promoting well-being for citizens in the city. Also, they play an important role in promoting economic growth, creating employment and effective use of public services. Urban planners have been using different indicators to determine suit- [13] . AHP model helps to find solution on complex issues that best suit the expected goals and challenges. Also, it provides for a comprehensive and rational framework by relating the selected elements to the overall goals and for evaluating alternatives. The best decision using AHP model is reached by modeling and characterizing the problem in a hierarchy manner. Modeling and characterization of a problem from general to multi-level is a way of ranking and organizing data and ideas that could be easily represented mathematically. The mathematical representation of data and ideas is based on assigning responsibilities to each element and integrating large amounts of data and information for the best decision making.
AHP has been extensively used for complex decision making by government, business, industry, healthcare and education [14] . According to [14] , AHP model is first decomposed into a hierarchy level to easily comprehend sub-problems whereby each hierarchy is being analyzed independently. Once the hierarchy is analyzed and decomposed into sub-problems, the decision makers systematically evaluates used elements by comparing them with the corresponding impacts of the elements in the hierarchy. A numerical weight or priority is derived for each element in the hierarchy allowing elements to be compared in a rational and consistent manner. Finally, the numerical weights or priorities are calculated on each decision alternative. After the numerical priorities have been calculated a decision support tool is used to manipulate and analyze the geographical data. In this study, the AHP Model was used because it assists the decision maker to set up priorities on dealing with a complex problem and helps to reach the best decision. Also, it has the capability for checking the consistency of the decision maker's evaluations at the same time reducing the biasness in the decision making process. In this study, the AHP model was integrated with GIS technology in selecting suitable locations of satellite towns for Ubungo and Kinondoni municipalities in Dar es Salaam City.
Data and Methodology
The data used to select suitable locations of satellite towns in this study are land use, power lines, water pipe, elevation, slope, road network and telephone lines.
The main reason for choosing such criteria is due to the fact that they are the controlling factors for urban development. The data were processed and a Digital Elevation Model map, a slope map, an elevation map, a road network map, a power line map, a telephone lines map and a water map were created. The maps were processed using AHP model where a multi-criterion expert decision support for land suitability for selected elements was determined. The weight on Journal of Data Analysis and Information Processing each element was assigned based on their importance. A pair wise comparison matrix, th n root of the product, weight, vector value, eigenvalue, Consistency Index (CI) and Consistency Ratio (CR) were calculated. Figure 2 shows the workflow of AHP used in this study.
Calculation of Pair-Wise Comparison Matrix
The calculation of a pair wise comparison matrix was based on the intensity of the elements and importance of each attribute which includes equal importance, somewhat important, more important, very important, and absolutely more important. If an attribute A is absolutely more important than an attribute B is rated as 9, then B is absolutely less important than A and is rated as 1/9. Based on this concept, the pair wise comparison matrix based on the importance of the selected attributes was computed. Table 1 shows the pair wise comparison matrix of the computed attributes based on their importance.
After computation of the pair wise comparison matrix, the th n root of the product value of each criterion was calculated using the Equation (1) ( ) Root product value of the 7 elements
where: n is the number of total criteria used Once the th N root of the product is calculated, the value obtained is used to calculate the weight of each criterion as shown in Equation (2) root of criteria Weight Total value of va ue l Table 2 . Power the Consistency Index (CI) and the Consistency Ratio (CR). The eigenvalue of each criterion was determined by multiplying a pair wise comparison matrix value with the corresponding weight of each element. Then the mean of the eigen values is calculated. The Consistency Index (CI) for a pair wise comparison matrix was calculated using Equation (3).
Calculation of the Vector Value and the Eigenvalue
where max λ the eigenvalue and n is number of elements.
The Consistence Ratio (CR) was calculated using Equation (4) .
where: CI is Consistence Index and RI is Random Index.
According to AHP model, a condition to attain a best decision is where the computed CR is not greater than 0.1. In this study, the calculated CR was 0.05 which is below the AHP model threshold. Another important aspect when using AHP model to attain a best decision is creation of data model which is used for suitability analysis. In this study, the data model was created based on seven elements namely slope, elevation, land use, power line, water pipe, telephone Journal of Data Analysis and Information Processing lines and road network.
Results and Discussions
After data model was created, various suitability maps were produced including slope, elevation, communication line, power line, water and road network. Figures 3-9 show the suitability maps produced using the above mentioned elements.
The suitability maps produced were generated after the weighted values had been overlaid on all the re-classified criteria. The suitability maps for the satellite towns using the above mentioned elements were divided into five classes; highly suitable, moderately suitable, marginally suitable, not suitable and permanently not suitable. The AHP model was again used to select the suitable locations for satellite towns in respect of the selected elements. Figure 7 shows the final suitability map of satellite towns for Ubungo and Kinondoni Municipalities. From Figure 9 , the dark green areas represent highly suitable areas for satellite town's locations while the dark maroon color represents permanently un- However, it must be observed that, the dark green area depicted by AHP model at the Dar es Salaam CBD was due to the concentration of the land use, power line, water pipe, telephone lines and road network used in the Saaty Model. Since satellite towns are usually located at the outskirts of the CBD, the dark green along these areas are the most highly suitable locations.
Assessment of Satellite Towns Locations
The business communities are interested to understand how and where the satellite towns have been located so that they can effectively plan for their invest- 
Conclusion
This study has shown that locations of suitable satellite towns determined using Saaty model was found to be on highly suitable areas whereas locations of satellite towns from proposed Dar es Salaam master plan were found to be located on marginally suitable areas. Therefore, this study demonstrated that Saaty Model if integrated with GIS can effectively be used by town planners to select unbiased suitable locations of satellite towns in big Cities.
